3 SUSY Lagrangians Part 11
3.1 SUSY Yang-Mills

Jgauge Al = —0u A" + g f**¢ AL A

Sgauge N = gf AP AC (3.2)
where A® is an infinitesimal gauge transformation parameter, g is the gauge

coupling, and f®¢ are the antisymmetric structure constants

Off Shell On Shell
A% 3dof. 2d.of. (3.3)

Aoy AL 4dof. 2dof.
Book-keeping trick: add a real auxillary boson field D
Off Shell On Shell

D 1d.o.f. 0d.of. (34)
1 a va -y fa— a 1 ana
£SYM = _EF;WFH + i\ O'NDMA + §D D (35)
where
Ff, = 0,A% — 0,A% — gf* AL AL (3.6)
and
DA = 9\ — gf ™AL (3.7)
a 1 = ya ta—=
SAY, = 7 [e TN+ A 0'“6} (3.8)
a i —v a 1 a
0Ag = _2\7@(0#0 €)a Fu+ Eea D (3.9)
ta _ i —v a 1 a
5)‘04 = ﬁ(gra Uu)a Fuu + \ﬁfg D (3'10)
§D% = \_7% [Jaﬂpuv — DMATGE#E} . (3.11)



(0ey0c; — 0y 0ey) X = —i(elaueg — QU“&DDMX“

for X = Fy,, A%, M@ Da this requires the identities:

fO’MEVX — XO'VE'LLg — (XTEVO"LLfT)* — (gTE/lO.l/XT)*’

ooVl = —nPs” + ntPat + el + it P T

o 7P = 25057,

3.2 SUSY Gauge Theories

(3.12)

(3.13)
(3.14)

(3.15)

Add chiral supermultiplets in a gauge representaion with hermitian matrices

(7%)
[Ta’ Tb] — Z-fabcTc‘

5gauger = igAa(TaX)j
fOI‘ Xj = ¢j7wj7Fj
covariant derivatives:
D,¢; = 0,05 + igAZ(Ta¢)j
D,u¢*] = a,u¢*] - igAZ(¢*Ta)]
Dy = 05 + igAZ(Ta@/})j'

New renormalizable interactions

(TN, AN*@IT%)  and  (¢*T“¢)D".

0¢; = €y
5(1hj)a = —i(o*e")o Dugj + ok

5F; = —ie'a" Dby + V2g(T¢); e AT

L = Lsym+ Lwz
—V2g (@ T"P)A" + A (4 T7g) |
+9(¢"T"9) D".

(3.16)

(3.17)

(3.18)
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(3.20)

(3.21)
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(3.24)

(3.25)



Here Lywyz means the chiral supermultiplet lagrangian in Eq. 2.58, but with
gauge-covariant derivatives, For the theory to be gauge invariant we must
have a gauge invariant superpotential i.e.

SgaugeW o« WH(T¢); = 0. (3.26)
D% equation of motion:
D* = —g(¢*T"¢). (3.27)

thus the scalar potential is:

. 1 1
V(p,¢*) = F*F; + §D“D“ = W;W" + ng(gb*T“qS)Q. (3.28)

Vi(g,¢*) 20 (3.29)

We have the following types of Feynman veritces:

Figure 1: Yang-Mills interactions.

Figure 2: Interactions required by gauge invariance.



Figure 3: Additional interactions required by gauge invariance and super-
symmetry: gaugino-fermion-scalar coupling and (scalar)? auxillary field cou-
pling which become a quartic coupling after integrating out the auxilary
field.

Figure 4: The dimensionless non-gauge interaction vertices in a supersym-

metric theory: (a) scalar-fermion-fermion Yukawa interaction y“*, (b) quar-
tic scalar interaction y“"y;,. .

using the Noether theorem we find the conserved supercurrent:
Jh = (0"c")i)a DV¢*i - Z‘(Uuwﬁ)a wi

(0" 5P A1)y S — ——g¢"T% (0" A1%)a,  (3.30)
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Figure 5: Supersymmetric dimensionful couplings: (a) (scalar)? interac-
tion vertex M, y/*" (b) fermion mass term M%, (c) scalar (mass)? term
M M*3



